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(54) SILICON CARBIDE SEMICONDUCTOR DEVICE WITH INCREASED CHANNEL MOBILITY

(57) Embodiments of a semiconductor device having
increased channel mobility and methods of manufactur-
ing thereof are disclosed. In one embodiment, the sem-
iconductor device includes a substrate including a chan-
nel region and a gate stack on the substrate over the
channel region. The gate stack includes an alkaline earth
metal. The alkaline earth metal results in a substantial
improvement of the channel mobility of the semiconduc-
tor device.



EP 3 352 201 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Disclosure

[0001] The present disclosure relates to semiconduc-
tor devices, and more particularly relates to semiconduc-
tor devices having increased channel mobility.

Background

[0002] Standard Silicon Carbide (SiC) Metal-Oxide-
Semiconductor Field Effect Transistors (MOSFETs) suf-
fer from low channel mobility, or high channel resistance,
that results in heavy conduction losses. The low channel
mobility is due in large part to the gate oxidation process,
whereby a defected interface between the gate oxide and
the underlying SiC is formed. Defects which occur at the
gate oxide/SiC interface trap charge and scatter carriers
which result in a reduced channel mobility. As such, there
is a need for a gate oxidation process that improves the
channel mobility, or channel resistance, of SiC MOS-
FETs and similar semiconductor devices.

Summary

[0003] The present invention provides a semiconduc-
tor device as claimed in claim 1. Embodiments of a sem-
iconductor device having increased channel mobility and
methods of manufacturing thereof are disclosed. In one
embodiment, the semiconductor device includes a sub-
strate including a channel region and a gate stack on the
substrate over the channel region, where the gate stack
includes an alkaline earth metal. The alkaline earth metal
may be, for example, Barium (Ba) or Strontium (Sr). The
alkaline earth metal results in a substantial improvement
of the channel mobility of the semiconductor device. In
one embodiment, the substrate is a Silicon Carbide (SiC)
substrate and the channel mobility of the semiconductor
device is at least two and a half times greater than that
of the same semiconductor device without the alkaline
earth metal. In another embodiment, the substrate is a
SiC substrate and the channel mobility of the semicon-
ductor device is at least 50 cm2V-1s-1 for control voltages
greater than 3 Volts. In yet another embodiment, the sub-
strate is a SiC substrate and the channel mobility of the
semiconductor device is at least 50 cm2V-1s-1 for control
voltages in a range of and including 3 Volts to 15 Volts.
[0004] In one embodiment, the gate stack includes an
interlayer containing an alkaline earth metal on the sub-
strate over the channel region and one or more additional
gate stack layers on a surface of the interlayer opposite
the substrate. Further, in one embodiment, the one or
more additional gate stack layers include a gate oxide
layer on the surface of the interlayer opposite the sub-
strate and a gate contact on a surface of the gate oxide
opposite the interlayer. In another embodiment, the gate
stack includes a gate oxide layer containing an alkaline
earth metal. In yet another embodiment, the gate stack

includes an alkaline earth metal-oxide-alkaline earth
metal structure that includes a first alkaline earth metal
rich layer, an oxide layer on a surface of the first alkaline
earth metal rich layer, and a second alkaline earth metal
rich layer on a surface of the oxide layer opposite the first
alkaline earth metal rich layer.
[0005] A Metal-Oxide-Semiconductor (MOS) device
having increased channel mobility is also disclosed. In
one embodiment, the MOS device is a lateral MOS Field
Effect Transistor (MOSFET) including a substrate, a
source region formed in the substrate, a drain region
formed in the substrate, and a gate stack formed on the
substrate between the source and drain regions. The
gate stack includes an alkaline earth metal. The alkaline
earth metal may be, for example, Ba or Sr. The alkaline
earth metal results in a substantial improvement of the
channel mobility of the MOSFET. In one embodiment,
the substrate is a SiC substrate and the channel mobility
of the MOSFET is at least two and a half times greater
than that of the same MOSFET without the alkaline earth
metal. In another embodiment, the substrate is a SiC
substrate and the channel mobility of the MOSFET is at
least 50 cm2V-1s-1 for control voltages greater than 3
Volts. In yet another embodiment, the substrate is a SiC
substrate and the channel mobility of the MOSFET is at
least 50 cm2V-1s-1 for control voltages in a range of and
including 3 Volts to 15 Volts.
[0006] In one embodiment, the gate stack of the lateral
MOSFET includes an interlayer containing an alkaline
earth metal on the substrate between the source and
drain regions and one or more additional gate stack lay-
ers on a surface of the interlayer opposite the substrate.
Further, in one embodiment, the one or more additional
gate stack layers include a gate oxide layer on the surface
of the interlayer opposite the substrate and a gate contact
on a surface of the gate oxide opposite the interlayer. In
another embodiment, the gate stack of the lateral MOS-
FET includes a gate oxide layer containing an alkaline
earth metal. In yet another embodiment, the gate stack
of the lateral MOSFET includes an alkaline earth metal-
oxide-alkaline earth metal structure that includes a first
alkaline earth metal rich layer, an oxide layer on a surface
of the first alkaline earth metal rich layer, and a second
alkaline earth metal rich layer on a surface of the oxide
layer opposite the first alkaline earth metal rich layer.
[0007] In another embodiment, the MOS device is a
vertical MOSFET including a substrate, a source region
formed in the substrate, a gate stack formed on the sub-
strate over a channel region, and a drain on a surface of
the substrate opposite the gate stack. The gate stack
includes an alkaline earth metal. The alkaline earth metal
may be, for example, Ba or Sr. The alkaline earth metal
results in a substantial improvement of the channel mo-
bility of the MOSFET. In one embodiment, the substrate
is a SiC substrate and the channel mobility of the MOS-
FET is at least two and a half times greater than that of
the same MOSFET without the alkaline earth metal. In
another embodiment, the substrate is a SiC substrate
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and the channel mobility of the MOSFET is at least 50
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the substrate is a SiC substrate
and the channel mobility of the MOSFET is at least 50
cm2V-1s-1 for control voltages in a range of and including
3 Volts to 15 Volts.
[0008] In one embodiment, the gate stack of the verti-
cal MOSFET includes an interlayer containing an alkaline
earth metal on the substrate and one or more additional
gate stack layers on a surface of the interlayer opposite
the substrate. Further, in one embodiment, the one or
more additional gate stack layers include a gate oxide
layer on the surface of the interlayer opposite the sub-
strate and a gate contact on a surface of the gate oxide
opposite the interlayer. In another embodiment, the gate
stack of the vertical MOSFET includes a gate oxide layer
containing an alkaline earth metal. In yet another embod-
iment, the gate stack of the vertical MOSFET includes
an alkaline earth metal-oxide-alkaline earth metal struc-
ture that includes a first alkaline earth metal rich layer,
an oxide layer on a surface of the first alkaline earth metal
rich layer, and a second alkaline earth metal rich layer
on a surface of the oxide layer opposite the first alkaline
earth metal rich layer.
[0009] An Insulated Gate Bipolar Transistor (IGBT)
having increased channel mobility is also disclosed. The
IGBT includes a substrate, an emitter region formed in
the substrate, a gate stack formed on the substrate over
a channel region, and a collector on a surface of the sub-
strate opposite the gate stack. The gate stack includes
an alkaline earth metal. The alkaline earth metal may be,
for example, Ba or Sr. The alkaline earth metal results in
a substantial improvement of the channel mobility of the
IGBT. In one embodiment, the substrate is a SiC sub-
strate and the channel mobility of the IGBT is at least two
and a half times greater than that of the same IGBT with-
out the alkaline earth metal. In another embodiment, the
substrate is a SiC substrate and the channel mobility of
the IGBT is at least 50 cm2V-1s-1 for control voltages
greater than 3 Volts. In yet another embodiment, the sub-
strate is a SiC substrate and the channel mobility of the
IGBT is at least 50 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts.
[0010] In one embodiment, the gate stack of the IGBT
includes an interlayer containing an alkaline earth metal
on the substrate and one or more additional gate stack
layers on a surface of the interlayer opposite the sub-
strate. Further, in one embodiment, the one or more ad-
ditional gate stack layers include a gate oxide layer on
the surface of the interlayer opposite the substrate and
a gate contact on a surface of the gate oxide opposite
the interlayer. In another embodiment, the gate stack of
the IGBT includes a gate oxide layer containing an alka-
line earth metal. In yet another embodiment, the gate
stack of the IGBT includes an alkaline earth metal-oxide-
alkaline earth metal structure that includes a first alkaline
earth metal rich layer, an oxide layer on a surface of the
first alkaline earth metal rich layer, and a second alkaline

earth metal rich layer on a surface of the oxide layer op-
posite the first alkaline earth metal rich layer.
[0011] A trench, or U-shaped, Field Effect Transistor
(FET) having increased channel mobility is also dis-
closed. The trench FET includes a first semiconductor
layer of a first conductivity type, a drift region of the first
conductivity type on a first surface of the first semicon-
ductor layer, a well of a second conductivity type on a
surface of the drift region opposite the first semiconductor
layer, a source region of the first conductivity type on or
in the well opposite the drift region, a trench that extends
from a surface of the source region through the well to
the surface of the drift region opposite the first semicon-
ductor layer, and a gate stack in the trench. The gate
stack includes an alkaline earth metal. The alkaline earth
metal may be, for example, Ba or Sr. The alkaline earth
metal results in a substantial improvement of the channel
mobility of the trench FET. In one embodiment, the sub-
strate is a SiC substrate and the channel mobility of the
trench FET is at least two and a half times greater than
that of the same trench FET without the alkaline earth
metal. In another embodiment, the substrate is a SiC
substrate and the channel mobility of the trench FET is
at least 50 cm2V-1s-1 for control voltages greater than 3
Volts. In yet another embodiment, the substrate is a SiC
substrate and the channel mobility of the trench FET is
at least 50 cm2V-1s-1 for control voltages in a range of
and including 3 Volts to 15 Volts.
[0012] In one embodiment, the gate stack of the trench
FET includes an interlayer containing an alkaline earth
metal on the surface of the drift region opposite the first
semiconductor layer and one or more additional gate
stack layers on a surface of the interlayer opposite the
drift region. Further, in one embodiment, the one or more
additional gate stack layers include a gate oxide layer on
the surface of the interlayer opposite the drift region and
a gate contact on a surface of the gate oxide opposite
the interlayer. In another embodiment, the gate stack of
the trench FET includes a gate oxide layer containing an
alkaline earth metal. In yet another embodiment, the gate
stack of the trench FET includes an alkaline earth metal-
oxide-alkaline earth metal structure that includes a first
alkaline earth metal rich layer, an oxide layer on a surface
of the first alkaline earth metal rich layer, and a second
alkaline earth metal rich layer on a surface of the oxide
layer opposite the first alkaline earth metal rich layer.
[0013] A semiconductor device having a passivation
structure that includes an alkaline earth metal is also dis-
closed. In one embodiment, the passivation structure in-
cludes an interlayer containing an alkaline earth metal
on a surface of a substrate and a dielectric layer on a
surface of the interlayer opposite the substrate. In anoth-
er embodiment, the passivation structure includes a di-
electric layer containing an alkaline earth metal, where
the dielectric layer is on a surface of the substrate. In yet
another embodiment, the passivation structure includes
an alkaline earth metal-oxide-alkaline earth metal struc-
ture including a first alkaline earth metal rich layer on a
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surface of the substrate, an oxide layer on a surface of
the first alkaline earth metal rich layer opposite the sub-
strate, and a second alkaline earth metal rich layer on a
surface of the oxide layer opposite the first alkaline earth
metal rich layer.
[0014] Those skilled in the art will appreciate the scope
of the present disclosure and realize additional aspects
thereof after reading the following detailed description of
the preferred embodiments in association with the ac-
companying drawing figures.

Brief Description of the Drawing Figures

[0015] The accompanying drawing figures incorporat-
ed in and forming a part of this specification illustrate
several aspects of the disclosure, and together with the
description serve to explain the principles of the disclo-
sure.

Figure 1 illustrates a lateral Metal-Oxide-Semicon-
ductor Field Effect Transistor (MOSFET) having a
gate stack that includes an interlayer containing an
alkaline earth metal according to one embodiment
of the present disclosure;
Figures 2A through 2E graphically illustrate an ex-
emplary process for fabricating the MOSFET of Fig-
ure 1 according to one embodiment of the present
disclosure;
Figure 3 graphically illustrates the improvement of
the channel mobility of the MOSFET of Figure 1 as
compared to that of a conventional MOSFET device;
Figure 4 graphically illustrates elemental depth pro-
files for one exemplary embodiment of the MOSFET
of Figure 1;
Figure 5 illustrates a Double-implanted MOSFET
(DMOSFET) having a gate stack that includes an
interlayer containing an alkaline earth metal accord-
ing to one embodiment of the present disclosure;
Figure 6 illustrates an Insulated Gate Bipolar Tran-
sistor (IGBT) having a gate stack that includes an
interlayer containing an alkaline earth metal accord-
ing to one embodiment of the present disclosure;
Figure 7 illustrates a trench, or U-shaped, MOSFET
having a gate stack that includes an interlayer con-
taining an alkaline earth metal according to one em-
bodiment of the present disclosure;
Figure 8 illustrates a passivation structure for a sem-
iconductor device that includes a dielectric layer and
an interlayer containing an alkaline earth metal ac-
cording to one embodiment of the present disclo-
sure;
Figure 9 illustrates a lateral MOSFET having a gate
stack that includes a gate oxide containing an alka-
line earth metal according to one embodiment of the
present disclosure;
Figure 10 illustrates a DMOSFET having a gate stack
that includes a gate oxide containing an alkaline
earth metal according to one embodiment of the

present disclosure;
Figure 11 illustrates an IGBT having a gate stack
that includes a gate oxide containing an alkaline
earth metal according to one embodiment of the
present disclosure;
Figure 12 illustrates a trench, or U-shaped, MOSFET
having a gate stack that includes a gate oxide con-
taining an alkaline earth metal according to one em-
bodiment of the present disclosure;
Figure 13 illustrates a passivation structure for a
semiconductor device that includes a dielectric layer
containing an alkaline earth metal according to one
embodiment of the present disclosure;
Figure 14 illustrates a lateral MOSFET having a gate
stack that includes an alkaline earth metal-oxide-al-
kaline earth metal structure according to one em-
bodiment of the present disclosure;
Figure 15 illustrates a DMOSFET having a gate stack
that includes an alkaline earth metal-oxide-alkaline
earth metal structure according to one embodiment
of the present disclosure;
Figure 16 illustrates an IGBT having a gate stack
that includes an alkaline earth metal-oxide-alkaline
earth metal structure according to one embodiment
of the present disclosure;
Figure 17 illustrates a trench, or U-shaped, MOSFET
having an alkaline earth metal-oxide-alkaline earth
metal structure according to one embodiment of the
present disclosure; and
Figure 18 illustrates a passivation structure for a
semiconductor device that includes an alkaline earth
metal-oxide-alkaline earth metal structure according
to one embodiment of the present disclosure.

Detailed Description

[0016] The embodiments set forth below represent the
necessary information to enable those skilled in the art
to practice the embodiments and illustrate the best mode
of practicing the embodiments. Upon reading the follow-
ing description in light of the accompanying drawing fig-
ures, those skilled in the art will understand the concepts
of the disclosure and will recognize applications of these
concepts not particularly addressed herein. It should be
understood that these concepts and applications fall with-
in the scope of the disclosure and the accompanying
claims.
[0017] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. For example, a first element could
be termed a second element, and, similarly, a second
element could be termed a first element, without depart-
ing from the scope of the present disclosure. As used
herein, the term "and/or" includes any and all combina-
tions of one or more of the associated listed items.
[0018] It will be understood that when an element such
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as a layer, region, or substrate is referred to as being
"on" or extending "onto" another element, it can be di-
rectly on or extend directly onto the other element or in-
tervening elements may also be present. In contrast,
when an element is referred to as being "directly on" or
extending "directly onto" another element, there are no
intervening elements present. It will also be understood
that when an element is referred to as being "connected"
or "coupled" to another element, it can be directly con-
nected or coupled to the other element or intervening
elements may be present. In contrast, when an element
is referred to as being "directly connected" or "directly
coupled" to another element, there are no intervening
elements present.
[0019] Relative terms such as "below" or "above" or
"upper" or "lower" or "horizontal" or "vertical" may be used
herein to describe a relationship of one element, layer,
or region to another element, layer, or region as illustrated
in the Figures. It will be understood that these terms and
those discussed above are intended to encompass dif-
ferent orientations of the device in addition to the orien-
tation depicted in the Figures.
[0020] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a," "an," and "the" are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises," "comprising," "includes," and/or "in-
cluding" when used herein specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, elements, components, and/or groups thereof.
[0021] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure belongs. It will be
further understood that terms used herein should be in-
terpreted as having a meaning that is consistent with their
meaning in the context of this specification and the rele-
vant art and will not be interpreted in an idealized or overly
formal sense unless expressly so defined herein.
[0022] Figure 1 illustrates a Silicon Carbide (SiC) lat-
eral Metal-Oxide-Semiconductor Field Effect Transistor
(MOSFET) 10 (hereinafter "MOSFET 10") according to
one embodiment of the present disclosure. As illustrated,
the MOSFET 10 includes a p-type SiC substrate 12, a
first n+ well 14 forming a source region of the MOSFET
10, a second n+ well 16 forming a drain region of the
MOSFET 10, and a gate stack 18 arranged as shown.
The p-type SiC substrate 12 may be of the 4H, 6H, 3C,
or 15R polytype. Note that, as used herein, a "substrate"
may be a bulk substrate, a series of epitaxial layers (i.e.,
epilayers), or a combination thereof (i.e., a series of one
or more epilayers grown on a bulk substrate). The gate
stack 18 is formed on the surface of the substrate 12
between the source and drain regions such that the gate

stack 18 is deposited over a channel region 20 of the
MOSFET 10. The gate stack 18 includes an interlayer
22 on the surface of the substrate 12 over the channel
region 20. Additionally, the gate stack 18 may include a
gate oxide 24 on the surface of the interlayer 22 opposite
the substrate 12, and a gate contact 26 on the surface
of the gate oxide 24 opposite the interlayer 22.
[0023] The interlayer 22 contains an alkaline earth met-
al. The alkaline earth metal is preferably Barium (Ba) or
Strontium (Sr). However, other alkaline earth metals may
be used. The interlayer 22 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
a layer of Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., Barium Oxide (BaO) or BaXSiYOZ),

• an alkaline earth metal-oxide-alkaline earth metal
structure containing one or more first layers of alka-
line earth metal, one or more layers of oxide on or
directly on the one or more first layers of alkaline
earth metal, and one or more second layers of alka-
line earth metal on or directly on the one or more
layers of oxide opposite the one or more first layers
of alkaline earth metal, or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

In one exemplary embodiment, the interlayer 22 is BaX-
SiYOz. In one embodiment, the interlayer 22 has a thick-
ness in the range of and including 2 Angstroms to 15
Angstroms.
[0024] As a result of the gate stack 18 including an
alkaline earth metal, e.g., the interlayer 22 containing the
alkaline earth metal, a channel mobility of the MOSFET
10 is substantially greater than that of a conventional SiC
MOSFET (e.g., the same SiC MOSFET but without the
interlayer 22) without significantly lowering a threshold
voltage of the MOSFET 10. In one embodiment, the chan-
nel mobility of the MOSFET 10 is at least two and a half
times greater than that of the same MOSFET without the
interlayer 22 containing the alkaline earth metal. In an-
other embodiment, the channel mobility of the MOSFET
10 is at least 50 cm2V-1s-1 for control voltages greater
than 3 Volts. In another embodiment, the channel mobility
of the MOSFET 10 is at least 40 cm2V-1s-1 for control
voltages greater than 2.5 Volts. In another embodiment,
the channel mobility of the MOSFET 10 is at least 60
cm2V-1s-1 for control voltages greater than 4 Volts. In
another embodiment, the channel mobility of the MOS-
FET 10 is in a range of and including 40-75 cm2V-1s-1 for
control voltages greater than 2.5 Volts. In another em-
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bodiment, the channel mobility of the MOSFET 10 is in
a range of and including 50-75 cm2V-1s-1 for control volt-
ages greater than 3 Volts. In yet another embodiment,
the channel mobility of the MOSFET 10 is at least 50
cm2V-1s-1 for control voltages in a range of and including
3 Volts to 15 Volts. Likewise, in other embodiments, the
channel mobility of the MOSFET 10 is at least 40
cm2V-1s-1 for control voltages in a range of and including
2.5 Volts to 15 Volts, at least 60 cm2V-1s-1 for control
voltages in a range of and including 4 Volts to 15 Volts,
in a range of and including 40-75 cm2V-1s-1 for control
voltages in a range of and including 2.5 Volts to 15 Volts,
and in a range of and including 50-75 cm2V-1s-1 for control
voltages in a range of and including 3 Volts to 15 Volts.
[0025] The gate oxide 24 is preferably Silicon Dioxide
(SiO2), but is not limited thereto. For example, the gate
oxide 24 may alternatively be formed of Aluminum Oxide
(Al2O3), Hafnium Oxide (HfO2), or similar dielectric ma-
terial. A thickness of the gate oxide 24 may vary depend-
ing on the particular implementation. As one example,
the thickness of the gate oxide 24 is in the range of and
including 300 Angstroms to 1000 Angstroms. The gate
contact 26 is preferably polysilicon, but is not limited
thereto. The gate contact 26 may alternatively be formed
of a metal such as, for example, Aluminum (Al), Platinum
(Pt), Molybdenum (Mo), or the like.
[0026] Lastly, the MOSFET 10 includes a metal source
contact 28 formed over the first n+ well 14 to provide a
source contact for the MOSFET 10. Likewise, a metal
drain contact 30 is formed over the second n+ well 16 to
provide a drain contact for the MOSFET 10. The metal
source and drain contacts 28 and 30 may be formed of,
for example, Nickel (Ni), Nickel Silicide (NiSi), Tantalum
Disilicide (TaSi2), or the like. In operation, when a positive
gate voltage is applied to the gate contact 26, an n-type
inversion channel is created between the n+ wells 14 and
16 forming the source and drain regions of the MOSFET
10. When the gate voltage is greater than a turn-on, or
threshold, voltage of the MOSFET 10, current flows from
the source region to the drain region of the MOSFET 10.
[0027] Figures 2A through 2E graphically illustrate an
exemplary process for fabricating the MOSFET 10 of Fig-
ure 1 according to one embodiment of the present dis-
closure. As illustrated in Figure 2A, the process begins
with the p-type SiC substrate 12. Again, as used herein,
a "substrate" may be a bulk substrate, a series of epitaxial
layers, or a combination thereof (i.e., one or more epi-
taxial layers formed on a bulk substrate). Then, as illus-
trated in Figure 2B, the n+ wells 14 and 16 are formed
in the substrate 12. The n+ wells 14 and 16 may be formed
using a conventional technique such as ion implantation.
[0028] Next, the interlayer 22 is formed on, and in this
particular embodiment directly on, the surface of the sub-
strate 12, as illustrated in Figure 2C. In one particular
embodiment, a Ba or BaO layer is deposited on, and
preferably directly on, the substrate 12 as the interlayer
22. Note again, however, that the interlayer 22 may con-
tain other alkaline earth metals such as, for example, Sr.

The Ba or BaO may be deposited using any suitable tech-
nique such as, for example, Molecular Beam Epitaxy
(MBE), thermal evaporation, e-beam evaporation, sput-
tering, Chemical Vapor Deposition (CVD), atomic layer
deposition, spin coating, dip coating, ink-jet printing, or
the like. The thickness of the interlayer 22 is preferably
in the range of and including 2 Angstroms to 15 Ang-
stroms. Even more preferably, the thickness of the inter-
layer 22 is in the range of and including 2 Angstroms to
10 Angstroms.
[0029] More specifically, the interlayer 22 may be
formed via dry or wet chemistry. With regards to dry
chemistry, the interlayer 22 may be formed using, for
example, one of the following dry chemistry processes:

• depositing the interlayer 22 via molecular beam dep-
osition or other vacuum evaporation or deposition
processes,

• depositing an alkaline earth metal and then oxidizing
the deposited alkaline earth metal (without thermal
annealing),

• depositing an alkaline earth metal, oxidizing the de-
posited alkaline earth metal, and then thermally an-
nealing,

• depositing an oxide containing an alkaline earth met-
al with no thermal annealing,

• depositing an oxide containing an alkaline earth met-
al and then thermally annealing the deposited oxide,

• depositing an alkaline earth metal, oxidizing the de-
posited alkaline earth metal (without thermal anneal-
ing), and then capping oxidized alkaline earth metal
with silicon oxide (SiOX) in situ, where the SiOX is
either the gate oxide 24 or part of the interlayer 22,

• depositing an alkaline earth metal, oxidizing the de-
posited alkaline earth metal, thermally annealing,
and then capping the oxidized alkaline earth metal
with SiOX in situ, where the SiOX is either the gate
oxide 24 or part of the interlayer 22,

• depositing an oxide containing an alkaline earth met-
al with no thermal annealing and then capping the
oxide with SiOX in situ, where the SiOX is either the
gate oxide 24 or part of the interlayer 22,

• depositing an oxide containing an alkaline earth met-
al, thermally annealing the deposited oxide, and then
capping the oxide with SiOX in situ, where the SiOX
is either the gate oxide 24 or part of the interlayer 22,

• implanting an alkaline earth metal into the surface
of the substrate 12 using a plasma process such as,
for example, plasma-immersion ion implantation
(i.e., a plasma process with a voltage bias that results
in ions being implanted into the surface of the sub-
strate 12) and then oxidizing,

• diffusing an alkaline earth metal into a surface of the
substrate 12 via solid state diffusion,

• depositing the interlayer 22 via atomic layer deposi-
tion,

• depositing an alkaline earth metal or oxide contain-
ing an alkaline earth metal via Plasma Enhanced
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Chemical Vapor Deposition (PECVD),
• depositing an alkaline earth metal or oxide contain-

ing an alkaline earth metal via Metallo-Organic
Chemical Vapor Deposition (MOCVD), or

• printing an alkaline earth metal or oxide containing
an alkaline earth metal onto the surface of the sub-
strate 12.

[0030] With regards to wet chemistry, the interlayer 22
may be formed using, for example, one of the following
wet chemistry processes:

• dipping the substrate 12 into a fluid containing an
alkaline earth metal and spinning dry (no oxidation),

• dipping the substrate 12 into a fluid containing an
alkaline earth metal, spin drying the substrate 12,
and then oxidizing the resulting alkaline earth metal
left behind on the surface of the substrate 12 after
spin drying,

• spinning a fluid containing an alkaline earth metal
onto the surface of the substrate 12 and drying the
surface of the substrate 12 (no oxidation),

• spinning a fluid containing an alkaline earth metal
onto the surface of the substrate 12, drying the sur-
face of the substrate 12, and then oxidizing the re-
sulting alkaline earth metal left behind on the surface
of the substrate 12 after drying,

• immersing the substrate 12 into a fluid containing an
alkaline earth metal and then draining in an oxygen
rich environment,

• bubbling a fluid containing an alkaline earth metal
through an oxide (e.g., SiO2) on a surface of the sub-
strate 12 and then oxidizing in a furnace,

• vapor phase deposition of a fluid containing an alka-
line earth metal onto the surface of the substrate 12
in a temperature controlled environment,

• spraying a fluid containing an alkaline earth metal
onto the surface of the substrate 12, or

• ink-jet printing of the fluid onto the appropriate (i.e.,
gate) regions of the substrate.

The fluid containing an alkaline earth metal may be, for
example, barium acetate, barium nitrate, or other soluble
barium (or alkaline earth) compound, in a liquid solution
such as aqueous or alcohol-based solutions, or the like.
Additionally, the solution could contain the alkaline earth
element, and other dielectrics; such as a spin-on-glass
solution (commercially available solution for aqueous
SiO2 processing) mixed with said alkaline earth solutions
or soluble alkaline earth compounds. The solution effec-
tiveness can be controlled by the surface tension of the
solutions with respect to the SiC sample, by the pH, or
by electrochemical potentials applied between solution
and sample.
[0031] As illustrated in Figure 2D, the gate oxide 24 is
then formed on, and in this embodiment directly on, the
surface of the interlayer 22 opposite the substrate 12. In
this embodiment, the gate oxide 24 is SiO2 having a thick-

ness of approximately 500 Angstroms. However, again,
other dielectric materials may be used. The gate oxide
24 may be formed using any suitable technique such as,
for example, PECVD, sputter deposition, or electron
beam deposition. Next, the interlayer 22 and the gate
oxide 24 are densified by annealing in oxygen. In one
exemplary embodiment, annealing is performed at a tem-
perature of 950 degrees Celsius for 1.5 hours. However,
the temperature, time, and ambient used for the anneal-
ing process may be varied to optimize device character-
istics and to improve reliability as desired for a particular
implementation. Notably, the annealing may result in
chemical bonding of elements present in the interlayer
22 and the gate oxide 24. For example, in one particular
embodiment, the interlayer 22 is initially formed by de-
positing a Ba or BaO layer, and the gate oxide 24 is SiO2
such that, after annealing, the interlayer 22 is formed of,
or at least includes, BaXSiYOY.
[0032] Lastly, as illustrated in Figure 2E, the gate con-
tact 26 and the metal source and drain contacts 28 and
30 are formed. As an example, the gate contact 26 may
be formed of Molybdenum (Mo) and have a thickness of
35 nanometers. However, other gate materials and thick-
nesses may be used. The metal source and drain con-
tacts 28 and 30 are ohmic contacts formed using known
ohmic contact formation techniques. More specifically,
as an example, a gate contact material is formed on, and
in this embodiment directly on, the surface of the gate
oxide 24 opposite the interlayer 22. The gate material,
the gate oxide 24, and the interlayer 22 are then etched
to form the gate stack 18 between the n+ wells 14 and
16. The source and drain contacts 28 and 30 are then
formed on the n+ wells 14 and 16, respectively.
[0033] Figure 3 graphically illustrates the channel mo-
bility of an exemplary embodiment of the MOSFET 10
as compared to that of a conventional SiC MOSFET. As
illustrated, the channel mobility of the MOSFET 10 is at
least approximately two and a half times that of the con-
ventional SiC MOSFET. Further, the channel mobility of
the MOSFET 10 is at least 50 cm2V-1s-1 for control volt-
ages greater than 3 Volts. The channel mobility of the
MOSFET 10 is also at least 40 cm2V-1s-1 for control volt-
ages greater than 2.5 Volts, at least 60 cm2V-1s-1 for
control voltages greater than 4 Volts, in a range of and
including 40-75 cm2V-1s-1 for control voltages greater
than 2.5 Volts, and in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. Still
further, the channel mobility of the MOSFET 10 is at least
50 cm2V-1s-1 for control voltages in a range of and in-
cluding 3 Volts to 15 Volts. Likewise, the channel mobility
of the MOSFET 10 is also at least 40 cm2V-1s-1 for control
voltages in a range of and including 2.5 Volts to 15 Volts,
at least 60 cm2V-1s-1 for control voltages in a range of
and including 4 Volts to 15 Volts, in a range of and in-
cluding 40-75 cm2V-1s-1 for control voltages in a range
of and including 2.5 Volts to 15 Volts, and in a range of
and including 50-75 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts.
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[0034] Figure 4 graphically illustrates elemental depth
profiles for one exemplary embodiment of the MOSFET
10 of Figure 1. The elemental depth profiles are more
specifically Secondary Ion Mass Spectrometry (SIMS)
profiles of various elements in one exemplary embodi-
ment of the gate stack 18 of the MOSFET 10. In this
embodiment, the interlayer 22 contains Ba and is approx-
imately 6 Angstroms thick, and the gate oxide 24 is SiO2
and is approximately 500 Angstroms thick. The vertical
lines roughly show the interface between the substrate
12 and the interlayer 22 and the interface between the
interlayer 22 and the gate oxide 24.
[0035] While the discussion thus far has focused on
the MOSFET 10, which is a lateral MOSFET, the present
disclosure is not limited thereto. The concepts disclosed
herein are equally applicable to other types of MOS de-
vices (e.g., vertical MOSFETs, power MOSFETs such
as, for example, Double-implanted MOSFETs (DMOS-
FETs) and U-Shape or trench MOSFETs (UMOSFETs),
or the like) and other types of similar devices such as,
for example, Insulated Gate Bipolar Transistors (IGBTs).
[0036] Figure 5 illustrates a SiC DMOSFET 32 (here-
inafter "DMOSFET 32") according to one embodiment of
the present disclosure. Note that the DMOSFET 32 is an
exemplary vertical MOSFET. As illustrated, the DMOS-
FET 32 includes a SiC substrate 34, which is preferably
4H-SiC. In this embodiment, the SiC substrate 34 in-
cludes a lightly doped n-type drift layer 36 and a heavily
doped n-type layer 38. The n-type layer 38 forms a drain
region of the DMOSFET 32. The DMOSFET 32 also in-
cludes an n+ source region 40 formed in a p-type well
42, and a gate stack 44 arranged as shown. The gate
stack 44 is formed over a channel region 46 of the DMOS-
FET 32 as shown. The gate stack 44 is the same as the
gate stack 18 of Figure 1. Specifically, the gate stack 44
includes an interlayer 48 on or directly on the surface of
the substrate 34 over the channel region 46, a gate oxide
50 on or directly on the surface of the interlayer 48 op-
posite the substrate 34, and a gate contact 52 on or di-
rectly on the surface of the gate oxide 50 opposite the
interlayer 48.
[0037] The interlayer 48 contains an alkaline earth met-
al. The alkaline earth metal is preferably Ba or Sr. How-
ever, other alkaline earth metals may be used. The in-
terlayer 48 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ),

• an alkaline earth metal-oxide-alkaline earth metal

structure containing one or more first layers of alka-
line earth metal, one or more layers of oxide on or
directly on the one or more first layers of alkaline
earth metal, and one or more second layers of alka-
line earth metal on or directly on the one or more
layers of oxide opposite the one or more first layers
of alkaline earth metal, or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

In one exemplary embodiment, the interlayer 48 is BaX-
SiYOY. In one embodiment, the interlayer 48 has a thick-
ness in the range of and including 2 Angstroms to 15
Angstroms. Notably, the interlayer 48 may be formed us-
ing, for example, any of the dry or wet chemistry proc-
esses described above with respect to the interlayer 22.
[0038] As a result of the gate stack 44 including an
alkaline earth metal, e.g., the interlayer 48 containing the
alkaline earth metal, a channel mobility of the DMOSFET
32 is substantially greater than that of a conventional SiC
DMOSFET (e.g., the same SiC DMOSFET but without
the interlayer 48) without significantly lowering a thresh-
old voltage of the DMOSFET 32. In one embodiment, the
channel mobility of the DMOSFET 32 is at least two and
a half times greater than that of the same DMOSFET
without the interlayer 48 containing the alkaline earth
metal. In another embodiment, the channel mobility of
the DMOSFET 32 is at least 50 cm2V-1s-1 for control volt-
ages greater than 3 Volts. In another embodiment, the
channel mobility of the DMOSFET 32 is at least 40
cm2V-1s-1 for control voltages greater than 2.5 Volts. In
another embodiment, the channel mobility of the DMOS-
FET 32 is at least 60 cm2V-1s-1 for control voltages great-
er than 4 Volts. In another embodiment, the channel mo-
bility of the DMOSFET 32 is in a range of and including
40-75 cm2V-1s-1 for control voltages greater than 2.5
Volts. In another embodiment, the channel mobility of the
DMOSFET 32 is in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the channel mobility of the DMOS-
FET 32 is at least 50 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts. Likewise, in
other embodiments, the channel mobility of the DMOS-
FET 32 is at least 40 cm2V-1s-1 for control voltages in a
range of and including 2.5 Volts to 15 Volts, at least 60
cm2V-1s-1 for control voltages in a range of and including
4 Volts to 15 Volts, in a range of and including 40-75
cm2V-1s-1 for control voltages in a range of and including
2.5 Volts to 15 Volts, and in a range of and including
50-75 cm2V-1s-1 for control voltages in a range of and
including 3 Volts to 15 Volts.
[0039] The gate oxide 50 is preferably SiO2, but is not
limited thereto. For example, the gate oxide 50 may al-
ternatively be formed of Al2O3, HfO, or similar dielectric
material. A thickness of the gate oxide 50 may vary de-
pending on the particular implementation. As one exam-
ple, the thickness of the gate oxide 50 is in the range of
and including 300 Angstroms to 1000 Angstroms. The
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gate contact 52 is preferably polysilicon, but is not limited
thereto. The gate contact 52 may alternatively be formed
of a metal such as, for example, Al. Lastly, the DMOSFET
32 includes a metal source contact 54 formed on the
source region as illustrated. Likewise, a metal drain con-
tact 56 is formed on a surface of the drain region opposite
the drift layer 36 to provide a drain contact for the DMOS-
FET 32.
[0040] Figure 6 illustrates an IGBT 58 according to an-
other embodiment of the present disclosure. As illustrat-
ed, the IGBT 58 includes a SiC substrate 60, which is
preferably 4H-SiC. In this embodiment, the SiC substrate
60 includes a lightly doped n-type drift layer 62 and a
highly doped p-type injector layer 64. The injector layer
64 may also be referred to herein as a collector region
of the IGBT 58. The IGBT 58 also includes an n+ source
region 66 formed in a p-type well 68, and a gate stack
70 arranged as shown. The gate stack 70 is formed over
a channel region 72 of the IGBT 58 as shown. The gate
stack 70 is the same as the gate stack 18 of Figure 1.
Specifically, the gate stack 70 includes an interlayer 74
on or directly on the surface of the substrate 60 over the
channel region 72, a gate oxide 76 on or directly on the
surface of the interlayer 74 opposite the substrate 60,
and a gate contact 78 on or directly on the surface of the
gate oxide 76 opposite the interlayer 74.
[0041] The interlayer 74 contains an alkaline earth met-
al. The alkaline earth metal is preferably Ba or Sr. How-
ever, other alkaline earth metals may be used. The in-
terlayer 74 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ),

• an alkaline earth metal-oxide-alkaline earth metal
structure containing one or more first layers of alka-
line earth metal, one or more layers of oxide on or
directly on the one or more first layers of alkaline
earth metal, and one or more second layers of alka-
line earth metal on or directly on the one or more
layers of oxide opposite the one or more first layers
of alkaline earth metal, or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

In one exemplary embodiment, the interlayer 74 is BaX-
SiYOY. In one embodiment, the interlayer 74 has a thick-
ness in the range of and including 2 Angstroms to 15
Angstroms. Notably, the interlayer 74 may be formed us-
ing, for example, any of the dry or wet chemistry proc-

esses described above with respect to the interlayer 22.
[0042] As a result of the gate stack 70 including an
alkaline earth metal, e.g., the interlayer 74 containing the
alkaline earth metal, a channel mobility of the IGBT 58
is substantially greater than that of a conventional SiC
IGBT (e.g., the same SiC IGBT but without the interlayer
74) without significantly lowering a threshold voltage of
the IGBT 58. In one embodiment, the channel mobility
of the IGBT 58 is at least two and a half times greater
than that of the same IGBT without the interlayer 74 con-
taining the alkaline earth metal. In another embodiment,
the channel mobility of the IGBT 58 is at least 50
cm2V-1s-1 for control voltages greater than 3 Volts. In
another embodiment, the channel mobility of the IGBT
58 is at least 40 cm2V-1s-1 for control voltages greater
than 2.5 Volts. In another embodiment, the channel mo-
bility of the IGBT 58 is at least 60 cm2V-1s-1 for control
voltages greater than 4 Volts. In another embodiment,
the channel mobility of the IGBT 58 is in a range of and
including 40-75 cm2V-1s-1 for control voltages greater
than 2.5 Volts. In another embodiment, the channel mo-
bility of the IGBT 58 is in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the channel mobility of the IGBT
58 is at least 50 cm2V-1s-1 for control voltages in a range
of and including 3 Volts to 15 Volts. Likewise, in other
embodiments, the channel mobility of the IGBT 58 is at
least 40 cm2V-1s-1 for control voltages in a range of and
including 2.5 Volts to 15 Volts, at least 60 cm2V-1s-1 for
control voltages in a range of and including 4 Volts to 15
Volts, in a range of and including 40-75 cm2V-1s-1 for
control voltages in a range of and including 2.5 Volts to
15 Volts, and in a range of and including 50-75 cm2V-1s-1

for control voltages in a range of and including 3 Volts to
15 Volts.
[0043] The gate oxide 76 is preferably SiO2, but is not
limited thereto. For example, the gate oxide 76 may al-
ternatively be formed of Al2O3, HfO, or similar dielectric
material. A thickness of the gate oxide 76 may vary de-
pending on the particular implementation. As one exam-
ple, the thickness of the gate oxide 76 is in the range of
and including 300 Angstroms to 1000 Angstroms. The
gate contact 78 is preferably polysilicon, but is not limited
thereto. The gate contact 78 may alternatively be formed
of a metal such as, for example, Al. Lastly, the IGBT 58
includes a metal emitter contact 80 formed over the n+
source region 66 as shown. Likewise, a metal collector
contact 82 is formed on a surface of the injector layer 64
opposite the drift layer 62 to provide a collector contact
for the IGBT 58.
[0044] Figure 7 illustrates a trench, or U-shaped, MOS-
FET 84 according to another embodiment of the present
disclosure. As illustrated, the MOSFET 84 includes a SiC
substrate 86, which is preferably 4H-SiC. In this embod-
iment, the SiC substrate 86 includes a highly doped n-
type layer 88, a lightly doped n-type drift layer 90, a p-
type well 94, and an n+ source region 92 formed in or on
the p-type well 94. A gate stack 96 is formed in a trench
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98 that extends through the n+ source region 92 and the
p-type well 94 to the surface of the n-type drift layer 90.
The gate stack 96 is formed over or adjacent to a channel
region 100 of the MOSFET 84 as shown. The gate stack
96 is the same as the gate stack 18 of Figure 1. Specif-
ically, the gate stack 96 includes an interlayer 102 on or
directly on the surface of the n-type drift layer 90, on or
directly on the sidewalls of the trench 98, and partially on
or directly on the surface of the n+ source region 92 on
or adjacent to the channel region 100, a gate oxide 104
on or directly on the surface of the interlayer 102, and a
gate contact 106 on or directly on the surface of the gate
oxide 104 opposite the interlayer 102.
[0045] The interlayer 102 contains an alkaline earth
metal. The alkaline earth metal is preferably Ba or Sr.
However, other alkaline earth metals may be used. The
interlayer 102 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ),

• an alkaline earth metal-oxide-alkaline earth metal
structure containing one or more first layers of alka-
line earth metal, one or more layers of oxide on or
directly on the one or more first layers of alkaline
earth metal, and one or more second layers of alka-
line earth metal on or directly on the one or more
layers of oxide opposite the one or more first layers
of alkaline earth metal, or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

In one exemplary embodiment, the interlayer 102 is BaX-
SiYOY. In one embodiment, the interlayer 102 has a thick-
ness in the range of and including 2 Angstroms to 15
Angstroms. Notably, the interlayer 102 may be formed
using, for example, any of the dry or wet chemistry proc-
esses described above with respect to the interlayer 22.
[0046] As a result of the gate stack 96 including an
alkaline earth metal, e.g., the interlayer 102 containing
the alkaline earth metal, a channel mobility of the MOS-
FET 84 is substantially greater than that of a conventional
SiC trench MOSFET (e.g., the same SiC trench MOSFET
but without the interlayer 102) without significantly low-
ering a threshold voltage of the MOSFET 84. In one em-
bodiment, the channel mobility of the MOSFET 84 is at
least two and a half times greater than that of the same
MOSFET without the interlayer 102 containing the alka-
line earth metal. In another embodiment, the channel mo-
bility of the MOSFET 84 is at least 50 cm2V-1s-1 for control

voltages greater than 3 Volts. In another embodiment,
the channel mobility of the MOSEFT 84 is at least 40
cm2V-1s-1 for control voltages greater than 2.5 Volts. In
another embodiment, the channel mobility of the MOS-
FET 84 is at least 60 cm2V-1s-1 for control voltages great-
er than 4 Volts. In another embodiment, the channel mo-
bility of the MOSFET 84 is in a range of and including
40-75 cm2V-1s-1 for control voltages greater than 2.5
Volts. In another embodiment, the channel mobility of the
MOSFET 84 is in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the channel mobility of the MOS-
FET 84 is at least 50 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts. Likewise, in
other embodiments, the channel mobility of the MOSFET
84 is at least 40 cm2V-1s-1 for control voltages in a range
of and including 2.5 Volts to 15 Volts, at least 60 cm2V-1s-1

for control voltages in a range of and including 4 Volts to
15 Volts, in a range of and including 40-75 cm2V-1s-1 for
control voltages in a range of and including 2.5 Volts to
15 Volts, and in a range of and including 50-75 cm2V-1s-1

for control voltages in a range of and including 3 Volts to
15 Volts.
[0047] The gate oxide 104 is preferably SiO2, but is
not limited thereto. For example, the gate oxide 104 may
alternatively be formed of Al2O3, HfO, or similar dielectric
material. A thickness of the gate oxide 104 may vary de-
pending on the particular implementation. As one exam-
ple, the thickness of the gate oxide 104 is in the range
of and including 300 Angstroms to 1000 Angstroms. The
gate contact 106 is preferably polysilicon, but is not lim-
ited thereto. The gate contact 106 may alternatively be
formed of a metal such as, for example, Al. Lastly, the
MOSFET 84 includes a metal source contact 108 formed
over the n+ source region 92 as shown. Likewise, a metal
drain contact 110 is formed on a second surface of the
n-type layer 88 opposite the n-type drift layer 90 to pro-
vide a drain contact for the MOSFET 84.
[0048] Figure 8 illustrates a passivation structure 112
for a semiconductor device according to another embod-
iment of the present disclosure. The passivation structure
112 includes an interlayer 114 on or directly on a surface
of a substrate 116 (which in this particular example is an
n-type drift layer) and a dielectric layer 118 on or directly
on a surface of the interlayer 114 opposite the substrate
116. In this particular embodiment, the passivation struc-
ture 112 is formed over a number of guard rings 120 that,
as will be appreciated by one of ordinary skill in the art,
provide an edge termination for one or more semicon-
ductor devices formed on the substrate 116. However,
the passivation structure 112 is not limited thereto. The
interlayer 114 contains an alkaline earth metal. The al-
kaline earth metal is preferably Ba or Sr. However, other
alkaline earth metals may be used. The interlayer 114
may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),
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• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ),

• an alkaline earth metal-oxide-alkaline earth metal
structure containing one or more first layers of alka-
line earth metal, one or more layers of oxide on or
directly on the one or more first layers of alkaline
earth metal, and one or more second layers of alka-
line earth metal on or directly on the one or more
layers of oxide opposite the one or more first layers
of alkaline earth metal, or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

In one exemplary embodiment, the interlayer 114 is BaX-
SiYOY. Notably, the interlayer 114 may be formed using,
for example, any of the dry or wet chemistry processes
described above with respect to the interlayer 22. The
interlayer 114 containing the alkaline earth metal pro-
vides a high quality interface, which in turn results in less
interfacial charge trapping.
[0049] Figure 9 illustrates the MOSFET 10 of Figure 1
according to another embodiment of the present disclo-
sure. As illustrated, the MOSFET 10 is substantially the
same as that of Figure 1. However, in this embodiment,
the interlayer 22 and the gate oxide 24 are replaced with
a gate oxide 122 containing an alkaline earth metal. In
this embodiment, the alkaline earth metal is contained
throughout the entirety of the gate oxide 122. The alkaline
earth metal is preferably Ba or Sr. However, other alkaline
earth metals may be used. In one exemplary embodi-
ment, the gate oxide 122 is BaO. In another exemplary
embodiment, the gate oxide 122 is BaXSiYOz. In yet an-
other embodiment, the gate oxide 122 may be an oxyni-
tride containing an alkaline earth metal. Notably, the gate
oxide 122 containing an alkaline earth metal may be
formed using, for example, any of the dry or wet chemistry
processes described above with respect to the interlayer
22 that are suitable for forming an oxide containing an
alkaline earth metal.
[0050] As a result of the gate stack 18 including an
alkaline earth metal, e.g., the gate oxide 122 containing
the alkaline earth metal, a channel mobility of the MOS-
FET 10 is substantially greater than that of a conventional
SiC MOSFET (e.g., the same SiC MOSFET but without
the alkaline earth metal in the gate oxide) without signif-
icantly lowering a threshold voltage of the MOSFET 10.
In one embodiment, the channel mobility of the MOSFET
10 is at least two and a half times greater than that of the
same MOSFET without the gate oxide 122 containing
the alkaline earth metal. In another embodiment, the
channel mobility of the MOSFET 10 is at least 50

cm2V-1s-1 for control voltages greater than 3 Volts. In
another embodiment, the channel mobility of the MOS-
FET 10 is at least 40 cm2V-1s-1 for control voltages great-
er than 2.5 Volts. In another embodiment, the channel
mobility of the MOSFET 10 is at least 60 cm2V-1s-1 for
control voltages greater than 4 Volts. In another embod-
iment, the channel mobility of the MOSFET 10 is in a
range of and including 40-75 cm2V-1s-1 for control volt-
ages greater than 2.5 Volts. In another embodiment, the
channel mobility of the MOSFET 10 is in a range of and
including 50-75 cm2V-1s-1 for control voltages greater
than 3 Volts. In yet another embodiment, the channel
mobility of the MOSFET 10 is at least 50 cm2V-1s-1 for
control voltages in a range of and including 3 Volts to 15
Volts. Likewise, in other embodiments, the channel mo-
bility of the MOSFET 10 is at least 40 cm2V-1s-1 for control
voltages in a range of and including 2.5 Volts to 15 Volts,
at least 60 cm2V-1s-1 for control voltages in a range of
and including 4 Volts to 15 Volts, in a range of and in-
cluding 40-75 cm2V-1s-1 for control voltages in a range
of and including 2.5 Volts to 15 Volts, and in a range of
and including 50-75 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts.
[0051] Figure 10 illustrates the DMOSFET 32 of Figure
5 according to another embodiment of the present dis-
closure. As illustrated, the DMOSFET 32 is substantially
the same as that of Figure 5. However, in this embodi-
ment, the interlayer 48 and the gate oxide 50 are replaced
with a gate oxide 124 containing an alkaline earth metal.
In this embodiment, the alkaline earth metal is contained
throughout the entirety of the gate oxide 124. The alkaline
earth metal is preferably Ba or Sr. However, other alkaline
earth metals may be used. In one exemplary embodi-
ment, the gate oxide 124 is BaO. In another exemplary
embodiment, the gate oxide 124 is BaXSiYOz. In yet an-
other embodiment, the gate oxide 124 may be an oxyni-
tride containing an alkaline earth metal. Notably, the gate
oxide 124 containing an alkaline earth metal may be
formed using, for example, any of the dry or wet chemistry
processes described above with respect to the interlayer
22 that are suitable for forming an oxide containing an
alkaline earth metal.
[0052] As a result of the gate stack 44 including an
alkaline earth metal, e.g., the gate oxide 124 containing
the alkaline earth metal, a channel mobility of the DMOS-
FET 32 is substantially greater than that of a conventional
SiC DMOSFET (e.g., the same SiC DMOSFET but with-
out the alkaline earth metal in the gate oxide) without
significantly lowering a threshold voltage of the DMOS-
FET 32. In one embodiment, the channel mobility of the
DMOSFET 32 is at least two and a half times greater
than that of the same DMOSFET without the gate oxide
124 containing the alkaline earth metal. In another em-
bodiment, the channel mobility of the DMOSFET 32 is at
least 50 cm2V-1s-1 for control voltages greater than 3
Volts. In another embodiment, the channel mobility of the
DMOSFET 32 is at least 40 cm2V-1s-1 for control voltages
greater than 2.5 Volts. In another embodiment, the chan-
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nel mobility of the DMOSFET 32 is at least 60 cm2V-1s-1

for control voltages greater than 4 Volts. In another em-
bodiment, the channel mobility of the DMOSFET 32 is in
a range of and including 40-75 cm2V-1s-1 for control volt-
ages greater than 2.5 Volts. In another embodiment, the
channel mobility of the DMOSFET 32 is in a range of and
including 50-75 cm2V-1s-1 for control voltages greater
than 3 Volts. In yet another embodiment, the channel
mobility of the DMOSFET 32 is at least 50 cm2V-1s-1 for
control voltages in a range of and including 3 Volts to 15
Volts. Likewise, in other embodiments, the channel mo-
bility of the DMOSFET 32 is at least 40 cm2V-1s-1 for
control voltages in a range of and including 2.5 Volts to
15 Volts, at least 60 cm2V-1s-1 for control voltages in a
range of and including 4 Volts to 15 Volts, in a range of
and including 40-75 cm2V-1s-1 for control voltages in a
range of and including 2.5 Volts to 15 Volts, and in a
range of and including 50-75 cm2V-1s-1 for control volt-
ages in a range of and including 3 Volts to 15 Volts.
[0053] Figure 11 illustrates the IGBT 58 of Figure 6
according to another embodiment of the present disclo-
sure. As illustrated, the IGBT 58 is substantially the same
as that of Figure 6. However, in this embodiment, the
interlayer 74 and the gate oxide 76 are replaced with a
gate oxide 126 containing an alkaline earth metal. In this
embodiment, the alkaline earth metal is contained
throughout the entirety of the gate oxide 126. The alkaline
earth metal is preferably Ba or Sr. However, other alkaline
earth metals may be used. In one exemplary embodi-
ment, the gate oxide 126 is BaO. In another exemplary
embodiment, the gate oxide 126 is BaXSiYOz. In yet an-
other embodiment, the gate oxide 126 may be an oxyni-
tride containing an alkaline earth metal. Notably, the gate
oxide 126 containing an alkaline earth metal may be
formed using, for example, any of the dry or wet chemistry
processes described above with respect to the interlayer
22 that are suitable for forming an oxide containing an
alkaline earth metal.
[0054] As a result of the gate stack 70 including an
alkaline earth metal, e.g., the gate oxide 126 containing
the alkaline earth metal, a channel mobility of the IGBT
58 is substantially greater than that of a conventional SiC
IGBT (e.g., the same SiC IGBT but without the alkaline
earth metal in the gate oxide) without significantly lower-
ing a threshold voltage of the IGBT 58. In one embodi-
ment, the channel mobility of the IGBT 58 is at least two
and a half times greater than that of the same IGBT with-
out the gate oxide 126 containing the alkaline earth metal.
In another embodiment, the channel mobility of the IGBT
58 is at least 50 cm2V-1s-1 for control voltages greater
than 3 Volts. In another embodiment, the channel mobility
of the IGBT 58 is at least 40 cm2V-1s-1 for control voltages
greater than 2.5 Volts. In another embodiment, the chan-
nel mobility of the IGBT 58 is at least 60 cm2V-1s-1 for
control voltages greater than 4 Volts. In another embod-
iment, the channel mobility of the IGBT 58 is in a range
of and including 40-75 cm2V-1s-1 for control voltages
greater than 2.5 Volts. In another embodiment, the chan-

nel mobility of the IGBT 58 is in a range of and including
50-75 cm2V-1s-1 for control voltages greater than 3 Volts.
In yet another embodiment, the channel mobility of the
IGBT 58 is at least 50 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts. Likewise, in
other embodiments, the channel mobility of the IGBT 58
is at least 40 cm2V-1s-1 for control voltages in a range of
and including 2.5 Volts to 15 Volts, at least 60 cm2V-1s-1

for control voltages in a range of and including 4 Volts to
15 Volts, in a range of and including 40-75 cm2V-1s-1 for
control voltages in a range of and including 2.5 Volts to
15 Volts, and in a range of and including 50-75 cm2V-1s-1

for control voltages in a range of and including 3 Volts to
15 Volts.
[0055] Figure 12 illustrates the trench, or U-shaped,
MOSFET 84 of Figure 7 according to another embodi-
ment of the present disclosure. As illustrated, the MOS-
FET 84 is substantially the same as that of Figure 7.
However, in this embodiment, the interlayer 102 and the
gate oxide 104 are replaced with a gate oxide 128 con-
taining an alkaline earth metal. In this embodiment, the
alkaline earth metal is contained throughout the entirety
of the gate oxide 128. The alkaline earth metal is prefer-
ably Ba or Sr. However, other alkaline earth metals may
be used. In one exemplary embodiment, the gate oxide
128 is BaO. In another exemplary embodiment, the gate
oxide 128 is BaXSiYOz. In yet another embodiment, the
gate oxide 128 may be an oxynitride containing an alka-
line earth metal. Notably, the gate oxide 128 containing
an alkaline earth metal may be formed using, for exam-
ple, any of the dry or wet chemistry processes described
above with respect to the interlayer 22 that are suitable
for forming an oxide containing an alkaline earth metal.
[0056] As a result of the gate stack 96 including an
alkaline earth metal, e.g., the gate oxide 128 containing
the alkaline earth metal, a channel mobility of the MOS-
FET 84 is substantially greater than that of a conventional
SiC trench MOSFET (e.g., the same SiC trench MOSFET
but without the alkaline earth metal in the gate oxide)
without significantly lowering a threshold voltage of the
MOSFET 84. In one embodiment, the channel mobility
of the MOSFET 84 is at least two and a half times greater
than that of the same MOSFET without the gate oxide
128 containing the alkaline earth metal. In another em-
bodiment, the channel mobility of the MOSFET 84 is at
least 50 cm2V-1s-1 for control voltages greater than 3
Volts. In another embodiment, the channel mobility of the
MOSEFT 84 is at least 40 cm2V-1s-1 for control voltages
greater than 2.5 Volts. In another embodiment, the chan-
nel mobility of the MOSFET 84 is at least 60 cm2V-1s-1

for control voltages greater than 4 Volts. In another em-
bodiment, the channel mobility of the MOSFET 84 is in
a range of and including 40-75 cm2V-1s-1 for control volt-
ages greater than 2.5 Volts. In another embodiment, the
channel mobility of the MOSFET 84 is in a range of and
including 50-75 cm2V-1s-1 for control voltages greater
than 3 Volts. In yet another embodiment, the channel
mobility of the MOSFET 84 is at least 50 cm2V-1s-1 for
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control voltages in a range of and including 3 Volts to 15
Volts. Likewise, in other embodiments, the channel mo-
bility of the MOSFET 84 is at least 40 cm2V-1s-1 for control
voltages in a range of and including 2.5 Volts to 15 Volts,
at least 60 cm2V-1s-1 for control voltages in a range of
and including 4 Volts to 15 Volts, in a range of and in-
cluding 40-75 cm2V-1s-1 for control voltages in a range
of and including 2.5 Volts to 15 Volts, and in a range of
and including 50-75 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts.
[0057] Figure 13 illustrates the passivation structure
112 of Figure 8 according to another embodiment of the
present disclosure. In this embodiment, rather than in-
cluding the interlayer 114 and the dielectric layer 118
(Figure 8), the passivation structure 112 includes a die-
lectric layer 130 containing an alkaline earth metal. The
alkaline earth metal is preferably Ba or Sr. However, other
alkaline earth metals may be used. In one exemplary
embodiment, the dielectric layer 130 is BaXSiYOY. In an-
other embodiment, the dielectric layer 130 is an oxyni-
tride containing an alkaline earth metal such as, for ex-
ample, BaOXNY. Notably, the dielectric layer 130 con-
taining an alkaline earth metal may be formed using, for
example, any of the dry or wet chemistry processes de-
scribed above with respect to the interlayer 22 that are
suitable for forming a dielectric layer containing an alka-
line earth metal. The dielectric layer 130 containing the
alkaline earth metal provides a high quality interface,
which in turn results in less interfacial charge trapping.
[0058] Figure 14 illustrates the MOSFET 10 of Figure
1 according to yet another embodiment of the present
disclosure. As illustrated, the MOSFET 10 is substantially
the same as that of Figure 1. However, in this embodi-
ment, the interlayer 22 and the gate oxide 24 are replaced
with an alkaline earth metal-oxide-alkaline earth metal
structure formed by a first alkaline earth metal (AEM) rich
layer 132 on or directly on the substrate 12 over the chan-
nel region 20, an oxide layer 134 on or directly on the
first AEM rich layer 132 opposite the substrate 12, and
a second AEM rich layer 136 on a surface of the oxide
layer 134 opposite the first AEM rich layer 132. The AEM
rich layers 132 and 136 contain the same or different
alkaline earth metals, which are preferably Ba or Sr. How-
ever, other alkaline earth metals may be used. Each of
the AEM rich layers 132 and 136 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ), or

• one or more oxynitride layers containing an alkaline

earth metal (e.g., BaOXNY).

[0059] In one exemplary embodiment, each of the AEM
rich layers 132 and 136 is BaO. In another exemplary
embodiment, each of the AEM rich layers 132 and 136
is BaXSiYOz. Notably, the first and second AEM rich lay-
ers 132 and 136 may be formed using, for example, any
of the dry or wet chemistry processes described above
with respect to the interlayer 22 that are suitable for form-
ing the AEM rich layers 132 and 136.
[0060] As a result of the gate stack 18 including an
alkaline earth metal, e.g., the alkaline earth metal-oxide-
alkaline earth metal structure containing the first and sec-
ond AEM layers 132 and 136, a channel mobility of the
MOSFET 10 is substantially greater than that of a con-
ventional SiC MOSFET (e.g., the same SiC MOSFET
but without the alkaline earth metal-oxide-alkaline earth
metal structure) without significantly lowering a threshold
voltage of the MOSFET 10. In one embodiment, the chan-
nel mobility of the MOSFET 10 is at least two and a half
times greater than that of the same MOSFET without the
alkaline earth metal-oxide-alkaline earth metal structure.
In another embodiment, the channel mobility of the MOS-
FET 10 is at least 50 cm2V-1s-1 for control voltages great-
er than 3 Volts. In another embodiment, the channel mo-
bility of the MOSFET 10 is at least 40 cm2V-1s-1 for control
voltages greater than 2.5 Volts. In another embodiment,
the channel mobility of the MOSFET 10 is at least 60
cm2V-1s-1 for control voltages greater than 4 Volts. In
another embodiment, the channel mobility of the MOS-
FET 10 is in a range of and including 40-75 cm2V-1s-1 for
control voltages greater than 2.5 Volts. In another em-
bodiment, the channel mobility of the MOSFET 10 is in
a range of and including 50-75 cm2V-1s-1 for control volt-
ages greater than 3 Volts. In yet another embodiment,
the channel mobility of the MOSFET 10 is at least 50
cm2V-1s-1 for control voltages in a range of and including
3 Volts to 15 Volts. Likewise, in other embodiments, the
channel mobility of the MOSFET 10 is at least 40
cm2V-1s-1 for control voltages in a range of and including
2.5 Volts to 15 Volts, at least 60 cm2V-1s-1 for control
voltages in a range of and including 4 Volts to 15 Volts,
in a range of and including 40-75 cm2V-1s-1 for control
voltages in a range of and including 2.5 Volts to 15 Volts,
and in a range of and including 50-75 cm2V-1s-1 for control
voltages in a range of and including 3 Volts to 15 Volts.
[0061] Figure 15 illustrates the DMOSFET 32 of Figure
5 according to yet another embodiment of the present
disclosure. As illustrated, the DMOSFET 32 is substan-
tially the same as that of Figure 5. However, in this em-
bodiment, the interlayer 48 and the gate oxide 50 are
replaced with an alkaline earth metal-oxide-alkaline earth
metal structure formed by a first AEM rich layer 138 on
or directly on the substrate 34 over the channel region
46, an oxide layer 140 on or directly on the first AEM rich
layer 138 opposite the substrate 34, and a second AEM
rich layer 142 on a surface of the oxide layer 140 opposite
the first AEM rich layer 138. The AEM rich layers 138
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and 142 contain the same or different alkaline earth met-
als, which are preferably Ba or Sr. However, other alka-
line earth metals may be used. Each of the AEM rich
layers 138 and 142 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ), or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

[0062] In one exemplary embodiment, each of the AEM
rich layers 138 and 142 is BaO. In another exemplary
embodiment, each of the AEM rich layers 138 and 142
is BaXSiYOz. Notably, the first and second AEM rich lay-
ers 138 and 142 may be formed using, for example, any
of the dry or wet chemistry processes described above
with respect to the interlayer 22 that are suitable for form-
ing the AEM rich layers 138 and 142.
[0063] As a result of the gate stack 44 including an
alkaline earth metal, e.g., the alkaline earth metal-oxide-
alkaline earth metal structure containing the first and sec-
ond AEM layers 138 and 142, a channel mobility of the
DMOSFET 32 is substantially greater than that of a con-
ventional SiC DMOSFET (e.g., the same SiC DMOSFET
but without the alkaline earth metal-oxide-alkaline earth
metal structure) without significantly lowering a threshold
voltage of the DMOSFET 32. In one embodiment, the
channel mobility of the DMOSFET 32 is at least two and
a half times greater than that of the same DMOSFET
without the alkaline earth metal-oxide-alkaline earth met-
al structure. In another embodiment, the channel mobility
of the DMOSFET 32 is at least 50 cm2V-1s-1 for control
voltages greater than 3 Volts. In another embodiment,
the channel mobility of the DMOSFET 32 is at least 40
cm2V-1s-1 for control voltages greater than 2.5 Volts. In
another embodiment, the channel mobility of the DMOS-
FET 32 is at least 60 cm2V-1s-1 for control voltages great-
er than 4 Volts. In another embodiment, the channel mo-
bility of the DMOSFET 32 is in a range of and including
40-75 cm2V-1s-1 for control voltages greater than 2.5
Volts. In another embodiment, the channel mobility of the
DMOSFET 32 is in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the channel mobility of the DMOS-
FET 32 is at least 50 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts. Likewise, in
other embodiments, the channel mobility of the DMOS-
FET 32 is at least 40 cm2V-1s-1 for control voltages in a
range of and including 2.5 Volts to 15 Volts, at least 60

cm2V-1s-1 for control voltages in a range of and including
4 Volts to 15 Volts, in a range of and including 40-75
cm2V-1s-1 for control voltages in a range of and including
2.5 Volts to 15 Volts, and in a range of and including
50-75 cm2V-1s-1 for control voltages in a range of and
including 3 Volts to 15 Volts.
[0064] Figure 16 illustrates the IGBT 58 of Figure 6
according to yet another embodiment of the present dis-
closure. As illustrated, the IGBT 58 is substantially the
same as that of Figure 6. However, in this embodiment,
the interlayer 74 and the gate oxide 76 are replaced with
an alkaline earth metal-oxide-alkaline earth metal struc-
ture formed by a first AEM rich layer 144 on or directly
on the substrate 60 over the channel region 72, an oxide
layer 146 on or directly on the first AEM rich layer 144
opposite the substrate 60, and a second AEM rich layer
148 on a surface of the oxide layer 146 opposite the first
AEM rich layer 144. The AEM rich layers 144 and 148
contain the same or different alkaline earth metals, which
are preferably Ba or Sr. However, other alkaline earth
metals may be used. Each of the AEM rich layers 144
and 148 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ), or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

[0065] In one exemplary embodiment, each of the AEM
rich layers 144 and 148 is BaO. In another exemplary
embodiment, each of the AEM rich layers 144 and 148
is BaXSiYOz. Notably, the first and second AEM rich lay-
ers 144 and 148 may be formed using, for example, any
of the dry or wet chemistry processes described above
with respect to the interlayer 22 that are suitable for form-
ing the AEM rich layers 144 and 148.
[0066] As a result of the gate stack 70 including an
alkaline earth metal, e.g., the alkaline earth metal-oxide-
alkaline earth metal structure containing the first and sec-
ond AEM layers 144 and 148, a channel mobility of the
IGBT 58 is substantially greater than that of a conven-
tional SiC IGBT (e.g., the same SiC IGBT but without the
alkaline earth metal-oxide-alkaline earth metal structure)
without significantly lowering a threshold voltage of the
IGBT 58. In one embodiment, the channel mobility of the
IGBT 58 is at least two and a half times greater than that
of the same IGBT without the alkaline earth metal-oxide-
alkaline earth metal structure. In another embodiment,
the channel mobility of the IGBT 58 is at least 50
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cm2V-1s-1 for control voltages greater than 3 Volts. In
another embodiment, the channel mobility of the IGBT
58 is at least 40 cm2V-1s-1 for control voltages greater
than 2.5 Volts. In another embodiment, the channel mo-
bility of the IGBT 58 is at least 60 cm2V-1s-1 for control
voltages greater than 4 Volts. In another embodiment,
the channel mobility of the IGBT 58 is in a range of and
including 40-75 cm2V-1s-1 for control voltages greater
than 2.5 Volts. In another embodiment, the channel mo-
bility of the IGBT 58 is in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the channel mobility of the IGBT
58 is at least 50 cm2V-1s-1 for control voltages in a range
of and including 3 Volts to 15 Volts. Likewise, in other
embodiments, the channel mobility of the IGBT 58 is at
least 40 cm2V-1s-1 for control voltages in a range of and
including 2.5 Volts to 15 Volts, at least 60 cm2V-1s-1 for
control voltages in a range of and including 4 Volts to 15
Volts, in a range of and including 40-75 cm2V-1s-1 for
control voltages in a range of and including 2.5 Volts to
15 Volts, and in a range of and including 50-75 cm2V-1s-1

for control voltages in a range of and including 3 Volts to
15 Volts.
[0067] Figure 17 illustrates the trench, or U-shaped,
MOSFET 84 of Figure 7 according to yet another em-
bodiment of the present disclosure. As illustrated, the
MOSFET 84 is substantially the same as that of Figure
7. However, in this embodiment, the interlayer 102 and
the gate oxide 104 are replaced with an alkaline earth
metal-oxide-alkaline earth metal structure formed by a
first AEM rich layer 150 on or directly on the substrate
86 within the trench 98, an oxide layer 152 on or directly
on the first AEM rich layer 150 opposite the substrate 86,
and a second AEM rich layer 154 on a surface of the
oxide layer 152 opposite the first AEM rich layer 150. The
AEM rich layers 150 and 154 contain the same or different
alkaline earth metals, which are preferably Ba or Sr. How-
ever, other alkaline earth metals may be used. Each of
the AEM rich layers 150 and 154 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
Sr),

• multiple layers of the same or different alkaline earth
metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ), or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

[0068] In one exemplary embodiment, each of the AEM
rich layers 150 and 154 is BaO. In another exemplary
embodiment, each of the AEM rich layers 150 and 154
is BaXSiYOz. Notably, the first and second AEM rich lay-

ers 150 and 154 may be formed using, for example, any
of the dry or wet chemistry processes described above
with respect to the interlayer 22 that are suitable for form-
ing the AEM rich layers 150 and 154.
[0069] As a result of the gate stack 96 including an
alkaline earth metal, e.g., the alkaline earth metal-oxide-
alkaline earth metal structure containing the first and sec-
ond AEM layers 150 and 154, a channel mobility of the
MOSFET 84 is substantially greater than that of a con-
ventional SiC trench MOSFET (e.g., the same SiC trench
MOSFET but without the alkaline earth metal-oxide-al-
kaline earth metal structure) without significantly lower-
ing a threshold voltage of the MOSFET 84. In one em-
bodiment, the channel mobility of the MOSFET 84 is at
least two and a half times greater than that of the same
MOSFET without the alkaline earth metal-oxide-alkaline
earth metal structure. In another embodiment, the chan-
nel mobility of the MOSFET 84 is at least 50 cm2V-1s-1

for control voltages greater than 3 Volts. In another em-
bodiment, the channel mobility of the MOSEFT 84 is at
least 40 cm2V-1s-1 for control voltages greater than 2.5
Volts. In another embodiment, the channel mobility of the
MOSFET 84 is at least 60 cm2V-1s-1 for control voltages
greater than 4 Volts. In another embodiment, the channel
mobility of the MOSFET 84 is in a range of and including
40-75 cm2V-1s-1 for control voltages greater than 2.5
Volts. In another embodiment, the channel mobility of the
MOSFET 84 is in a range of and including 50-75
cm2V-1s-1 for control voltages greater than 3 Volts. In yet
another embodiment, the channel mobility of the MOS-
FET 84 is at least 50 cm2V-1s-1 for control voltages in a
range of and including 3 Volts to 15 Volts. Likewise, in
other embodiments, the channel mobility of the MOSFET
84 is at least 40 cm2V-1s-1 for control voltages in a range
of and including 2.5 Volts to 15 Volts, at least 60 cm2V-1s-1

for control voltages in a range of and including 4 Volts to
15 Volts, in a range of and including 40-75 cm2V-1s-1 for
control voltages in a range of and including 2.5 Volts to
15 Volts, and in a range of and including 50-75 cm2V-1s-1

for control voltages in a range of and including 3 Volts to
15 Volts.
[0070] Figure 18 illustrates the passivation structure
112 of Figure 8 according to yet another embodiment of
the present disclosure. In this embodiment, rather than
including the interlayer 114 and the dielectric layer 118
(Figure 8), the passivation structure 112 includes an al-
kaline earth metal-oxide-alkaline earth metal structure
formed by a first AEM rich layer 156 on or directly on the
substrate 116, an oxide layer 158 on or directly on the
first AEM rich layer 156 opposite the substrate 116, and
a second AEM rich layer 160 on a surface of the oxide
layer 158 opposite the first AEM rich layer 156. The AEM
rich layers 156 and 160 contain the same or different
alkaline earth metals, which are preferably Ba or Sr. How-
ever, other alkaline earth metals may be used. Each of
the AEM rich layers 156 and 160 may be, for example:

• a layer of alkaline earth metal (e.g., a layer of Ba or
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Sr),
• multiple layers of the same or different alkaline earth

metals (e.g., multiple layers of Ba or a layer of Ba
followed by a layer of Sr),

• one or more layers of the same or different alkaline
earth metals and one or more layers of the same or
different oxides on or directly on the one or more
layers of alkaline earth metal,

• one or more oxide layers containing an alkaline earth
metal (e.g., BaO or BaXSiYOZ), or

• one or more oxynitride layers containing an alkaline
earth metal (e.g., BaOXNY).

In one exemplary embodiment, each of the AEM rich lay-
ers 156 and 160 is BaO. In another exemplary embodi-
ment, each of the AEM rich layers 156 and 160 is BaX-
SiYOz. Notably, the first and second AEM rich layers 156
and 160 may be formed using, for example, any of the
dry or wet chemistry processes described above with re-
spect to the interlayer 22 that are suitable for forming the
AEM rich layers 156 and 160. The passivation structure
112 containing the alkaline earth metal provides a high
quality interface, which in turn results in less interfacial
charge trapping.
[0071] The concepts described herein provide for sub-
stantial opportunity for variation without departing from
the spirit or scope of the present disclosure. For example,
the semiconductor devices specifically illustrated and de-
scribed herein are exemplary. One of ordinary skill in the
art will recognize numerous variations to the illustrated
semiconductor devices as well as other types of semi-
conductor devices to which the disclosed gate, or control
contact, stack is applicable. These variations and addi-
tional semiconductor devices are considered to be within
the scope of the present disclosure. As another example,
while the specific devices illustrated herein are n-channel
devices, the concepts described herein are equally ap-
plicable to p-channel devices. The disclosed gate, or con-
trol contact, stack can also be used with similar p-channel
devices (e.g., a p-channel MOSFET or a p-channel IG-
BT). As a final example, while the present disclosure fo-
cuses on the use of SiC substrates, other types of sub-
strates may be used.
[0072] Those skilled in the art will recognize improve-
ments and modifications to the preferred embodiments
of the present disclosure. All such improvements and
modifications are considered within the scope of the con-
cepts disclosed herein and the claims that follow.

Features

[0073]

1. A method of fabricating a semiconductor device
comprising:

providing a substrate comprising a channel re-
gion; and

providing a gate stack on the substrate over the
channel region, the gate stack comprising an
alkaline earth metal;
wherein providing the gate stack on the sub-
strate over the channel region comprises pro-
viding a layer containing the alkaline earth metal
on the substrate over the channel region using
wet chemistry.

2. The method of fabrication of claim 1 wherein the
layer containing the alkaline earth metal is an inter-
layer containing the alkaline earth metal, and provid-
ing the gate stack on the substrate over the channel
region comprises:

providing the interlayer containing the alkaline
earth metal on a surface of the substrate over
the channel region using wet chemistry; and
providing one or more additional gate stack lay-
ers on a surface of the interlayer opposite the
substrate.

3. The method of fabrication of claim 2 wherein the
alkaline earth metal is Barium (Ba).

4. The method of fabrication of claim 2 wherein the
alkaline earth metal Strontium (Sr).

5. The method of fabrication of claim 2 wherein the
interlayer is an oxide containing the alkaline earth
metal.

6. The method of fabrication of claim 5 wherein the
oxide containing the alkaline earth metal is Barium
Oxide.

7. The method of fabrication of claim 5 wherein the
oxide containing the alkaline earth metal is BaXSiY-
OZ.

8. The method of fabrication of claim 2 wherein the
interlayer is an oxynitride containing the alkaline
earth metal.

9. The method of fabrication of claim 8 wherein the
oxynitride is BaOXNY.

10. The method of fabrication of claim 2 wherein a
thickness of the interlayer is in a range of and includ-
ing 2 Angstroms to 15 Angstroms.

11. The method of fabrication of claim 2 wherein a
thickness of the interlayer is in a range of and includ-
ing 2 Angstroms to 10 Angstroms.

12. The method of fabrication of claim 2 wherein the
interlayer is directly on the surface of the substrate
over the channel region.
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13. The method of fabrication of claim 2 wherein the
one or more additional gate stack layers comprise
an oxide layer on the surface of the interlayer oppo-
site the substrate.

14. The method of fabrication of claim 13 wherein
the oxide layer is formed of one of a group consisting
of: Silicon Dioxide (SiO2), Aluminum Oxide (Al2O3),
and Hafnium Oxide (HfO).

15. The method of fabrication of claim 13 wherein
the one or more additional gate stack layers com-
prise a gate metal layer on a surface of the oxide
layer opposite the interlayer.

16. The method of fabrication of claim 1 wherein the
layer containing the alkaline earth metal is a gate
oxide layer, and providing the gate stack on the sub-
strate over the channel region comprises providing
the gate oxide layer on a surface of the substrate
over the channel region, the gate oxide layer being
an oxide containing the alkaline earth metal.

17. The method of fabrication of claim 16 wherein
the alkaline earth metal is Barium (Ba).

18. The method of fabrication of claim 16 wherein
the alkaline earth metal is Strontium (Sr).

19. The method of fabrication of claim 16 wherein
providing the gate oxide layer on the surface of the
substrate comprises providing the gate oxide layer
directly on the surface of the substrate.

20. The method of fabrication of claim 16 wherein
providing the gate stack further comprises providing
a gate metal layer on a surface of the gate oxide
layer opposite the substrate.

21. The method of fabrication of claim 1 wherein the
layer containing the alkaline earth metal is a first al-
kaline earth metal rich layer in an alkaline earth met-
al-oxide-alkaline earth metal structure, and providing
the gate stack on the substrate over the channel re-
gion comprises:

providing the first alkaline earth metal rich layer
on a surface of the substrate over the channel
region using wet chemistry;
providing an oxide layer on a surface of the first
alkaline earth metal rich layer opposite the sub-
strate; and
providing a second alkaline earth metal rich lay-
er on a surface of the oxide layer opposite the
first alkaline earth metal rich layer using wet
chemistry.

22. The method of fabrication of claim 21 wherein at

least one of the first alkaline earth metal rich layer
and the second alkaline earth metal rich layer con-
tains Barium (Ba).

23. The method of fabrication of claim 21 wherein at
least one of the first alkaline earth metal rich layer
and the second alkaline earth metal rich layer con-
tains Strontium (Sr).

24. The method of fabrication of claim 21 wherein
providing the first alkaline earth metal rich layer on
the surface of the substrate comprises providing the
first alkaline earth metal rich layer directly on the sur-
face of the substrate.

25. The method of fabrication of claim 21 wherein
providing the gate stack on the substrate further
comprises providing a gate metal layer on a surface
of the second alkaline earth metal rich layer opposite
the oxide layer.

26. The method of fabrication of claim 1 wherein the
substrate is one of a group consisting of: a 4H Silicon
Carbide (SiC) substrate, a 6H SiC substrate, a 3C
SiC substrate, and a 15R SiC substrate.

27. The method of fabrication of claim 1 wherein the
semiconductor device is a lateral Metal-Oxide-Sem-
iconductor Field Effect Transistor (MOSFET), the
method further comprising:

providing a source region formed in the sub-
strate; and
providing a drain region formed in the substrate;
wherein providing the gate stack comprises pro-
viding the gate stack on the substrate between
the source and drain regions.

28. The method of fabrication of claim 27 wherein
the substrate is one of a group consisting of: a 4H
Silicon Carbide (SiC) substrate, a 6H SiC substrate,
a 3C SiC substrate, and a 15R SiC substrate.

29. The method of fabrication of claim 1 wherein the
semiconductor device is a vertical Metal-Oxide-
Semiconductor Field Effect Transistor (MOSFET),
and the method further comprises:

providing a well of a first conductivity type
formed in the substrate, the substrate being of
a second conductivity type;
providing a source region of the second conduc-
tivity type formed in the substrate, wherein the
gate stack is on the substrate and extends over
at least a portion of the well and the source re-
gion; and
providing a drain contact on a surface of the sub-
strate opposite the gate stack.
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30. The method of fabrication of claim 29 wherein
the substrate is one of a group consisting of: a 4H
Silicon Carbide (SiC) substrate, a 6H SiC substrate,
a 3C SiC substrate, and a 15R SiC substrate.

31. The method of fabrication of claim 1 wherein the
semiconductor device is an Insulated Gate Bipolar
Transistor (IGBT), and the method further compris-
es:

providing an emitter region formed in the sub-
strate, wherein the gate stack is on the substrate
and extends over at least a portion of the emitter
region; and
providing a collector contact on a surface of the
substrate opposite the gate stack.

32. The method of fabrication of claim 31 wherein
the substrate is one of a group consisting of: a 4H
Silicon Carbide (SiC) substrate, a 6H SiC substrate,
a 3C SiC substrate, and a 15R SiC substrate.

33. The method of fabrication of claim 1 wherein the
semiconductor device is a trench field effect transis-
tor, and:

the substrate comprises:

a first layer of a first conductivity type;
a drift layer of the first conductivity type on
a first surface of the first layer of the first
conductivity type;
a well of a second conductivity type on a
surface of the drift layer opposite the first
layer;
a source region of the first conductivity type
in or on the well;
a source contact on a surface of the source
region opposite the well;
a drain contact on a second surface of the
first layer opposite the drift layer; and
a trench that extends from the surface of
the source region through the well to the
surface of the drift layer, wherein the gate
stack is formed in the trench.

34. The method of fabrication of claim 33 wherein
the substrate is one of a group consisting of: a 4H
Silicon Carbide (SiC) substrate, a 6H SiC substrate,
a 3C SiC substrate, and a 15R SiC substrate.

35. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises:

dipping the substrate in a fluid containing the
alkaline earth metal; and

drying the substrate such that the layer contain-
ing the alkaline earth metal is provided on the
substrate.

36. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises:

dipping the substrate in a fluid containing the
alkaline earth metal;
drying the substrate such that a residue com-
prising the alkaline earth metal is provided on
the substrate; and
oxidizing the residue to provide the layer con-
taining the alkaline earth metal.

37. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises:

spinning a fluid containing the alkaline earth
metal onto the substrate; and
drying the substrate such that the layer contain-
ing the alkaline earth metal is provided on the
substrate.

38. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises:

spinning a fluid containing the alkaline earth
metal onto the substrate;
drying the substrate such that a residue contain-
ing the alkaline earth metal is provided on the
substrate; and
oxidizing the residue to provide the layer con-
taining the alkaline earth metal.

39. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises:

immersing the substrate into a pool containing
a fluid containing the alkaline earth metal; and
draining the pool in an oxygen-rich environment
such that the layer containing the alkaline earth
metal is provided on the substrate.

40. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises bubbling a fluid containing the
alkaline earth metal through an oxide on a surface
of the substrate.
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41. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises vapor phase deposition of a flu-
id containing the alkaline earth metal onto a surface
of the substrate in a temperature controlled environ-
ment.

42. The method of fabrication of claim 1 wherein pro-
viding the layer containing the alkaline earth metal
on the substrate over the channel region using wet
chemistry comprises spraying a fluid containing the
alkaline earth metal onto the surface of the substrate.

Claims

1. A semiconductor device (10) comprising:

a silicon carbide substrate (12) comprising a
channel region (20); and
a gate stack (18) on the silicon carbide substrate
on the channel region, the gate stack compris-
ing:

a first alkaline earth metal layer (132) com-
prising at least one of barium silicate and
barium oxide;
a dielectric layer (134) on the first alkaline
earth metal layer; and
a contact layer (26) on the dielectric layer.

2. The semiconductor device of claim 1 wherein the
gate stack further comprises:

a second alkaline earth metal layer (136) on the
dielectric layer; and
a gate metal layer (26) on the second alkaline
earth metal layer opposite the dielectric layer.

3. The semiconductor device of claim 1 wherein a chan-
nel mobility of the semiconductor device is at least
2.5 times greater than that of the same semiconduc-
tor device without the alkaline earth metal.

4. The semiconductor device of claim 1 wherein a chan-
nel mobility of the semiconductor device is at least
40 cm2V-1s-1 for control voltages in a range of and
including 2.5 Volts to 15 Volts; preferably in a range
of and including 40-75 cm2V-1s-1 for control voltages
greater than 2.5 Volts; alternatively at least 50
cm2V-1s-1 for control voltages in a range of and in-
cluding 3 Volts to 15 Volts; more preferably in a range
of and including 50-75 cm2V-1s-1 for control voltages
in a range of and including 3 Volts to 15 Volts; and
most preferably at least 60 cm2V-1s-1 for control volt-
ages in a range of and including 4 Volts to 15 Volts.

5. The semiconductor device of claim 1 wherein:

the first alkaline earth metal layer is an oxide
containing an alkaline earth metal;
the dielectric layer comprises an oxide layer
formed of one of a group consisting of: Silicon
Dioxide (SiO2), Aluminum Oxide (Al2O3), and
Hafnium Oxide (HfO); and
the first alkaline earth metal layer is directly on
a surface of the silicon carbide substrate on the
channel region.

6. The semiconductor device of claim 1 wherein the
semiconductor device is a lateral Metal-Oxide-Sem-
iconductor Field Effect Transistor, MOSFET, (10)
further comprising:

a source region (14) formed in the silicon carbide
substrate; and
a drain region (16) formed in the silicon carbide
substrate;
wherein the gate stack is formed on the silicon
carbide substrate between the source and drain
regions.

7. The semiconductor device of claim 1 wherein the
semiconductor device is a vertical Metal-Oxide-
Semiconductor Field Effect Transistor, MOSFET,
(32) further comprising:

a well (42) of a first conductivity type formed in
the silicon carbide substrate, the silicon carbide
substrate being of a second conductivity type;
a source region (40) of the second conductivity
type formed in the well, wherein the gate stack
is on the silicon carbide substrate and extends
on at least a portion of the well and the source
region; and
a drain contact (56) on a surface of the silicon
carbide substrate opposite the gate stack.

8. The semiconductor device of claim 1 wherein the
semiconductor device is an Insulated Gate Bipolar
Transistor, IGBT, (58) further comprising:

an emitter region (66) formed in the silicon car-
bide substrate, wherein the gate stack is on the
silicon carbide substrate and extends on at least
a portion of the emitter region; and
a collector contact (82) on a surface of the silicon
carbide substrate opposite the gate stack.

9. The semiconductor device of claim 1 wherein the
semiconductor device is a trench field effect transis-
tor (84), and:

the silicon carbide substrate comprises:
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a first layer (88) of a first conductivity type;
a drift layer (90) of the first conductivity type
on a first surface of the first layer of the first
conductivity type;
a well (94) of a second conductivity type on
a surface of the drift layer opposite the first
layer;
a source region (92) of the first conductivity
type in or on the well;
a source contact (108) on a surface of the
source region opposite the well;
a drain contact (110) on a second surface
of the first layer opposite the drift layer; and
a trench (98) that extends from the surface
of the source region through the well to the
surface of the drift layer, wherein the gate
stack is formed in the trench.

10. The semiconductor device of claims 6-9 wherein the
silicon carbide substrate is one of a group consisting
of: a 4H silicon carbide (SiC) substrate, a 6H SiC
substrate, a 3C SiC substrate, and a 15R SiC sub-
strate.

11. The semiconductor device of claims 4 wherein a
thickness of the dielectric layer is in a range of and
including 300 to 1000 Angstroms and the semicon-
ductor device is a power device.

12. A semiconductor device comprising:

a silicon carbide substrate comprising a channel
region; and
a gate stack on the silicon carbide substrate on
the channel region, the gate stack comprising:

an interlayer directly on the silicon carbide
substrate on the channel region, the inter-
layer comprising at least one of barium sil-
icate and barium oxide;
a dielectric layer on the interlayer opposite
the silicon carbide substrate; and
a contact layer on the dielectric layer oppo-
site the interlayer.

13. A method of fabricating a semiconductor device
comprising:

providing a silicon carbide substrate comprising
a channel region; and
providing an alkaline earth metal on the channel
region of the silicon carbide substrate;
oxidizing the alkaline earth metal;
annealing the alkaline earth metal after oxidizing
the alkaline earth metal, thereby forming an al-
kaline earth metal layer;
providing a dielectric layer on the alkaline earth
metal layer; and

providing a contact layer on the dielectric layer.

14. The method of fabrication of claim 13 wherein pro-
viding the alkaline earth metal on channel region
comprises providing a first alkaline earth metal di-
rectly on the surface of the silicon carbide substrate.

15. The method of fabrication of claim 13 wherein the
semiconductor device is a vertical Metal-Oxide-
Semiconductor Field Effect Transistor (MOSFET),
and the method further comprises:

providing a well of a first conductivity type
formed in the silicon carbide substrate, the sili-
con carbide substrate being of a second con-
ductivity type;
providing a source region of the second conduc-
tivity type formed in the silicon carbide substrate,
wherein the alkaline earth metal is on the silicon
carbide substrate and extends over at least a
portion of the well and the source region; and
providing a drain contact on a surface of the sil-
icon carbide substrate opposite the alkaline
earth metal layer wherein the silicon carbide
substrate is one of a group consisting of: a 4H
silicon carbide (SiC) substrate, a 6H SiC sub-
strate, a 3C SiC substrate, and a 15R SiC sub-
strate.

16. The method of fabrication of claim 13 wherein pro-
viding the alkaline earth metal on the channel region
comprises one of the following:

implanting first alkaline earth metal into a sur-
face of the silicon carbide substrate using a plas-
ma process;
diffusing the alkaline earth metal into the surface
of the silicon carbide substrate via solid state
diffusion;
depositing the alkaline earth metal via atomic
layer deposition;
depositing the first alkaline earth metal layer via
plasma enhanced chemical vapor deposition;
depositing the alkaline earth metal via metallo-
organic chemical vapor deposition;
printing the alkaline earth metal onto the surface
of the silicon carbide substrate.

17. The method of fabrication of claim 13 wherein the
alkaline earth metal comprises barium silicate.

18. The method of fabrication of claim 13, wherein the
alkaline earth metal layer is provided with a dry
chemistry process wherein the dry chemistry com-
prises:

depositing the alkaline earth metal; and
oxidizing the deposited alkaline earth metal.
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19. A method of fabricating a semiconductor device
comprising:

providing a silicon carbide substrate comprising
a channel region; and
depositing an oxide having an alkaline earth
metal comprising at least one of barium oxide
and barium silicate on the channel region of the
silicon carbide substrate;
providing a dielectric layer on the alkaline earth
metal; and
providing a contact layer on the dielectric layer.
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